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PHOSPHINYLALKANOYL SUBSTITUTED 
4,5-DIHYDROPYRAZOLE-S-CARBOXYLIC ACID 
DERIVATIVES AND HYPOTENSIVE METHOD 

AND COMPOSITION 

BACKGROUND OF THE INVENTION 

Petrillo in US. Pat. No. 4,168,267 discloses that phos 
phinylalkanoyl substituted prolines are useful as hypo 
tensive agents due to their angiotensin converting en 
zyme inhibition activity. 

Petrillo in US. patent application Ser. No. 212,911 
?led Dec. 4, 1980, now US. Pat. No. 4,337,201, dis 
closes that various acyloxyalkanoyl esters of phosphi 
nylalkanoyl proline and substituted prolines are useful 
hypotensive agents due to their angiotensin converting 
enzyme inhibition activity.v 
Rovnyak in US. Pat. Nos. 4,211,786; 4,254,267; and 

4,266,065 disclose that mercaptoalkanoyl derivatives of 
4,5-dihydropyrazole-5-carboxylic acid, wherein the 
dihydropyrazole ring can also be substituted in the 3 
position by an aryl, heteroaryl, or alkyl group, are also 
useful as hypotensive agents due to their angiotensin 
converting enzyme inhibition activity. 

Ondetti et al. in US. Pat. No. 4,105,776 disclose the 
mercaptoalkanoyl derivatives of proline are useful hy 
potensive agents due to their angiotensin converting 
enzyme inhibition activity. 

SUMMARY OF THE INVENTION - 

This invention is directed to phosphinylalkanoyl sub 
stituted 4,5-dihydropyrazole-S-carboxylic acid com 
pounds of the formula (I) 

R3 

0 0 N I 

ll . II | ' 

IM-P-CHz-C-N COOR 
0R2 H 

and salts thereof. 
R and R2 are independently selected from hydrogen, 

lower alkyl of l to 4 carbons, benzyl, and 

II 
—pH—_Q—c——R5. 

R4 5 

R3 is hydrogen, alkyl, 

(R6)n S 

a: R7 

0 N 

R] is alkyl or 

O 
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R4 is hydrogen, lower alkyl of 1 to 4 carbons, phenyl, 
or 

R5 is hydrogen, lower alkyl of l to 4 carbons, lower 
alkoxy of l to 4 carbons, phenyl, or R4 and R5 taken 
together are —(CH2)2—, —(CH2)3—, —-CH:CH—, or 

R6 is hydrogen, lower alkyl of l to 4 carbons, lower 
alkoxy of 1 to 4 carbons, lower alkylthio of l to 4 car 
bons, chloro, bromo, fluoro, trifluoromethyl or hy 
droxy. 
n is l, 2, or 3 provided that n is 2 or 3 only when R6 

is hydrogen, methyl, methoxy, chloro, or fluoro. 
R7 is hydrogen, lower alkyl of l to 4 carbons, chloro, 

bromo, or fluoro. 
m is zero or an integer from 1 to 8. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention in its broadest aspects relates‘ to the 
phosphinylalkanoyl substituted 4,5-dihydropyrazole-5 
carboxylic acid compounds of formula I above, to com 
positions containing such compounds and to the method 
of using such compounds as hypotensive agents. 
The term alkyl used in de?ning R1 and R3 refers to 

straight or branched chain radicals having up to eight 
carbons, for example methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, t-butyl, pentyl, isopentyl, heptyl, octyl, 
etc. The term lower alkyl used in de?ning various sym 
bols refers to straight or branched chain radicals having 
up to four carbons with methyl and ethyl being pre 
ferred. Similarly, the terms lower alkoxy and lower 
alkylthio refer to such lower alkyl groups attached to an 
oxygen or sulfur. 
The symbols 

Q1“ ’ HR.’ ’ and ‘@R7 
S O N 

represent that the thienyl or furyl group is attached at 
the 2- or 3-position and that the pyridyl is attached at 
either the 2-, 3- or 4-position. The R7 group is, of course, 
attached to any available carbon atom. 
The compounds of formula-.1 can be prepared by 

coupling a phosphinate of the formula (II) 



wherein R2 is lower alkyl or-benzyl with a.dihy 
dropyrazole of theformula (III) 

wherein R is hydrogen, lower alkyl or benzyl. The 
reaction is performed in the presence of a coupling 
agent such as 1,1-carbonyldiimidazole or dicyclohexyl 
carbodiimide and in an aprotic solvent such as tetrahy 
drofuran or acetonitrile. ‘ 

The R; and/ or R ester group can be removed to yield 
the diacid (i.e. both R; and R are hydrogen) by treat-. 
ment with a cleaving agent such as bromotrimethylsi 
lane in the case of the phosphinic acid alkyl ester or by 
hydrogenation witlipalladium and carbon catalyst .in 
the case of the benzyl ester. 1 
The ester/products of formula I wherein R is 

ll 

#$H—O—¢—,Rs 
R4 _ . . 

can be obtained by treating the‘ monoester product of 
formula I.wherein R is hydrogen and-R2 is alkyl or 
benzyl with a compound of v the formula (IV) 1 v 

wherein L is a leaving group such as chlorine, bromine, , 
tolylsulfonyloxy, etc-., followed by removal of the R2 
ester group as described above. This reaction is per 
formed in dimethylforinamide containing a base ‘such' as 
triethylamine or‘potassium carbonate or potassium ?uo 
ride. ' i " ' ' I 1 

The diester products of formula I wherein R2 and R 
are the same and are I 

can be obtained by treating the product of formula I 
wherein R2 and R are bothv hydrogen'or an alkali metal 
salt with two or more equivalents of the compound of 
formula IV. - 

Similarly, the ester products of formula I wherein R2 
is * 
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can beobtained by treating the 'rhonoester of formula I 
wherein R2 is hydrogen and R-is benzyl with the com 
pound .of formula IV followed by removal of the R 

_ ester group as described above. 
‘ Also, the diacid products of formula I can be obtained 

7 by coupling the phosphinate of formula II wherein R2 is 
hydrogen with the ‘,dihydropyrazole of formula III 
wherein R is hYdI'OgCIL‘HOWEVIBI‘, the two step proce 
dure described above‘is preferred. I i 

"The phosphinate of formula‘II can be prepared as 
described by Petrillo in U.S. Pat. No. 4,168,267 at col. 2, 
line 37 to col. 4, line 25. _ ' " ‘ 

The 4,5édihydropyrazole-5—carboxylic acids of for 
mula III wherein K3 is phenyl or substituted phenyl are 
prepared as described by Rovnyak in U.S. Pat. No. 
4,211,786at col. -4, lines 46 to 53. Thosewherein R3 is 
substituted or unsubstituted thienyl, furyl, or pyridyl 
areprepared as described by'Rovnyak in.U-.S. Pat. No. 

_ 4,254,267 at col. 5, line 64 to col. 6, line 36 and those 
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wherein R3 is hydrogen. or alkyl are prepared aside 
scribed by Rovnyak in U.S., Pat. No. 4,266,065at col. ‘5, 
line 60 to col. 6, line, 20 and in the representative exam 
ples in’ these patents. Of course, the 3-substituted. or 
unsubstituted 4,5-dihydropyrazole-S-carboxylic acid 
can be converted towthe ester by conventional'esteri?ca 
tion|pro_ce_dures, for example when R is benzyl ‘the acid 
is treated ‘with benzyl'alcoh'ol and an acid catalyst such 

‘ as‘ sulfuric acid or thionyl' chloride. 
The reactants of formula IV wherein R5 is other than 

lower alkoxy are prepared from aldehydes and acid 
halides according to‘ known literature methods. [J. 
Amer. Chem. Soc., Vol. 40, p. 1732 (1918); J. Amer. 
Chem. Soc., Vol. 43, p‘. 651, 660 (1921); Acta. Chem. 
Scand., Vol.20, p. 1273 (1966)]. Compounds of formula 
IV wherein vR5 is lower alkoxyi'a're prepared by a 
chlorination of alkyl chloroformates (gaseous chlorine 
and light or sulfuryl chloride and dibenzoylperoxide) 
and treatment of the products thus ‘formed with an 
alcohol accordingatolknown literature methodsICompt. 
‘rend, Vol. 169, p. 1074 (19.19) and. British :Pat. No. 
1,426,717]. 
The starting materials of formula III and the products 

of formula I contain an asymmetric carbon ‘(i.e., the 
carbon to which the —COOR group is bonded) and 
accordingly exist in stereoisomeric forms or as the race 
mic mixture thereof. The above described synthesis of 
the compounds of formula I can utilize the race'mate or 
one of the enantiomers of the starting material of for 
mula III. It is believed that the activity of the racemic 
product is due mostly to the S-isomer, and this isomer is 
accordingly preferred. The stereoisomers of the starting 
materials of formula III'can ‘be separated by conven 
tional fractional crystallization of the diastereomeric 
salt mixture formed with an optically active amine such 
as a-methylbenzylamine. 
The compounds of this invention wherein at least one 

of R or R2 is hydrogen, form basic salts with various 
inorganic and organic bases which are also within the 
scope of the invention. Such salts include ammonium 
salts, alkali metal salts like lithium, sodium and potas 
sium salts (which are preferred), alkaline earth metal 
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salts like calcium and magnesium salts, salts with or 
ganic bases, e.g., dicyclohexylamine salt, benzathine, 
N-methyl-D-glucamine, hydrabamine salts, salts with 
amino acids like arginine, lysine and the like. The non 
toxic, physiologically acceptable salts are preferred, 5 
although other salts are also useful, e. g., in isolating or 
purifying the product. The salts are formed using con 
ventional techniques. 

Preferred compounds of this invention are the com 
. 10 pounds of formula I wherein: 

R and R2 are independently selected from the group 
consisting of hydrogen, alkali metal, and 

("3 l5 
—(|IH—O—C—R5 
R4 

provided that at least one of R and R2 is hydrogen or an 20 
alkali metal. 
R3 i5 

25 

R6 . i 

R4 is hydrogen, methyl, or 30 

|| 
"C—OC2H5 . 

. 1' 35 

R5 is lower alkyl of l to 4 carbons or phenyl. 
R6 is hydrogen, methyl, methoxy, methylthio, trifluo 

romethyl, chloro, bromo, fluoro, or hydroxy. 
R1 is alkyl or 

40 

_(CH2)m 

Re 
45 

wherein R6 is as de?ned above and m is an integer from 
2 to 6. 
Most preferred are the compounds of formula I 

wherein 50 
R and R2 are independently selected from the group 

consisting of hydrogen, alkali metal, 

ll ll 55 
—-CH—O——C—c(c1-i3)3 , —(IIl-l—-O—C—CH3, 
CO2C2H5 CH3 

and 
60 

provided that at least one of R and R2 is hydrogen or 65 
alkali metal. 
R3 is phenyl. 
R1 iS 

“((3112) 

The compounds of formula I, and the physiologically 
acceptable salts thereof, are hypotensive agents. They 
inhibit the conversion of the decapeptide angiotensin I 
to angiotensin II and, therefore, are useful in reducing 
or relieving angiotensin related hypertension. The ac 
tion of the enzyme renin on angiotensinogen, a pseudo 
globulin in blood plasma, produces angiotensin I. Angi 
otensin I is converted by angiotensin converting en 
zyme (ACE) to angiotensin II. The latter is an active 
pressor substance which has been implicated as the 
causative agent in several forms of hypertension in vari 
ous mammalian species, e.g., humans. The compounds 
of this invention intervene in the angiotensinogen_> 
(renin)—>angiotensin I——>angiotensin II sequence by in 
hibiting angiotensin converting enzyme and reducing or 
eliminating the formation of the pressor substance angi 
otensin II. Thus by the administration of a composition 
containing one (or a combination) of the compounds of 
this invention, angiotensin dependent hypertension in a 
species of mammal (e.g., humans) suffering therefrom is 
alleviated. A single dose, or preferably two to four 
divided daily doses, provided on a basis of about 0.1 to 
100 mg. per kilogram of body weight per day is appro 
priate to reduce blood pressure. The substance is prefer 
ably administered orally, but parenteral routes such as 
the subcutaneous, intramuscular, intravenous or intra 
peritoneal routes can also be employed. 
The compounds of this invention can also be formu 

lated in combination with a diuretic for the treatment of 
hypertension. A combination product comprising a 
compound of this invention and a diuretic can be admin 
istered in an effective amount which comprises a total 
daily dosage of about 30 to 600 mg., preferably about 30 
to 330 mg. of a compound of this invention, and about 
15 to 300 mg., preferably about 15 to 200 mg. of the 
diuretic, to a mammalian species in need thereof. Exem 
plary of the diuretics contemplated for use in combina 
tion with a compound of this invention are the thiazide 
diuretics, e.g., chlorothiazide, hydrochlorothiazide, 
flumethiazide, hydro?umethiazide, bendro?umethia 
zide, methyclothiazide, trichlormethiazide, polythia 
zide or benzthiazide as well as ethacrynic acid, ti 
crynafen, chlorthalidon'e, furosemide, musolimine, 
bumetanide, triamterene, amiloride and spironolactone 
and salts of such compounds. 
The compounds of formula I can be formulated for 

use in the reduction of blood pressure in compositions 
such as tablets, capsules or elixirs for oral administra 
tion, or in sterile solutions or suspensions for parenteral 
administration. About 10 to 500 mg. of a compound of 
formula I is compounded with physiologically accept 
able vehicle, carrier, excipient, binder, preservative, 
stabilizer, ?avor, etc., in a unit dosage form as called for 
by accepted pharmaceutical practice. The amount of 
active substance in these compositions or preparations is 
such that a suitable dosage in the range indicated is 
obtained. 
The following examples are illustrative of the inven 

tion. Temperatures are given in degrees Centigrade. 
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EXAMPLE 1 

(+)-4,5-Dihydro~l~[[hydroxy(4-phenylbutyl)-phos 
phinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid 

(a) 
(+)-4,5-Dihydro-3-phenyl-lH-pyrazole-S-carboxylic 

acid 

A mixture of 10.0 g. of 3-benzoylacroylic acid, ‘1.8 g. 
of hydrazine, and 3.7 g. of potassium hydroxide in 30 
ml. of aqueous ethanol (1:1) is stirred and heated at 
re?ux for 2 hours. The cooled solution is treated 'with 5 
ml. of concentrated hydrochloric ‘acid'to pH 4.0 ‘to 
precipitate 7.1 g. of solid, mp. 180°-182°. This material‘ 
is dissolved in 40 ml. of warm dimethylformamide and 
treated with 140 ml. of methanol to crystallize 3.9 g. of 
(i)-4,5-dihydro-3-phenyl-lH-pyrazole-S-car‘boxylic 
acid, m.p. l99°—201°. ' 

Anal. calc’d. for C10H10N2O2:‘C, 63.14; H, 5.29; N, 
14.73, Found: C, 63.06; H, 5.40; N, 14.71. 
A solution of 66.2; g. of the above racemic amino acid 

dissolved in 125 ml. of ‘warm dimethylsulfoxide is 
treated with 42.2 of d—(+)a-methylbenzylamine. 
Dilution of this solution with 480 ml. of acetonitrile 
gives 83.1 g. of solids, m.p. 152°—154°; [a]D2Q=+29° 
(1% in methanol). Two recrystallizations from metha 
nol give 29.1 g. of material, m.p. l77°—179°; 
[a]D20= +205° ( 1% in methanol). 
The above salt (29.1 g.) is dissolved in 100 ml. of 

water containing 3.7 g. of sodium hydroxide and 
washed twice with ethyl acetate. The aqueous solution 
is treated with 6 N hydrochloric acid to pH 4.0 to pre 
cipitate 16.5 g. of nearly colorless solid (+)-4,5-dihy 
dro-3-phenyl-1H-pyrazole-S-carboxylic acid, m.p. 
294°—296°; [a]D2°= +235° (1% in methanol). 

(b) [Ethoxy(4-pheny1butyl)phosphinyl]acetic acid 
A solution of 36.4 g. of l-chloro-4-phenylbutane in 

100 ml. of ether is added dropwise to a slurry of 4.8 g. 
magnesium metal in 50 ml. of ether at a rate suf?cient to 
maintain gentle re?ux, followed by stirring for one 
hour. After cooling and ?ltration under argon, the orig 
inal solution is added dropwise to a chilled (0°) solution 
of 25.7 g. of diethyl chlorophosphite in 100ml. of ether 
at a rate to maintainthe temperature at 0°—10°. The 
mixture is then heated at re?ux temperature for 1.5 
hours. After ?ltration and concentration at atmospheric 
pressure, under argon, the residue is distilled in vacuo to 
give 29.7 g. of (4-phenylbutyl)phosphonous acid, di 
ethyl ester, b.p. 1l0°—ll3°/0.1 mm of Hg. 
The (4-phenylbutyl)phosphonous acid, diethyl ester 

(5.9 g.) is added dropwise with stirring to 4.5 g. of 
methyl bromoacetate at a rate to maintain the tempera 
ture at 60°—70°. After an additional hour at this tempera 
ture, volatiles are removed under high vacuum leaving 
6.2 g. of residual homogeneous product. This material is 
treated with 21 ml. of 1 N sodium hydroxide at room 
temperature for 30 minutes and washed with ether. The 
aqueous solution is acidi?ed with 3.5 ml. of 6 N hydro 
chloric acid and extracted with ethyl acetate. The or 
ganic fraction is dried (MgSO4) and concentrated in 
vacuo to give 5.6 g. of [ethoxy(4-phenylbutyl)phos 
phinyl]acetic acid as a homogeneous oil. Tlc (di 
chloromethane/acetic acid/methanol; 8:1:1) shows a 
spot at RfO.75. 
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. 8 

, . (C) 

'(+)-4,5-Dihydro-1f[[ethoxy(4-phenylbutyl)-phos 
phinyl]acetyl],-3-phenyl-lH-pyrazole-S-carboxylic 'acid 
A solution of 4.4 g. [ethoxy(4-phenylbutyl)-phos 

phinyl]acetic acid, from part (b), in 50 ml. of dry tetra 
hydrofuran, maintained under argon at 5?, is treated 
with 2.5 g. of 1,l'-carbony1diimidazole. After stirring 
for one hour, the mixture is treated with 1.56 g. of tri 
ethylamine and 3.0 g. of (+)-4,5-dihydro-3-phenyl-1H 
pyrazole~5-carboxylic acid, from part (a), and then the 
reaction mixture is allowed to stir at ambient tempera 
ture overnight. The solvent is evaporated in vacuo and 
the residue is dissolved in ethyl acetate and washed with 
10% potassium hydrogen sulfate, water, and saturated 
sodium bicarbonate. The major portion of the product 
remained in the potassium hydrogen sulfate wash. This 
and the sodium bicarbonate wash are treated with 6 N 
hydrochloric acid to pH 1.5 and extracted with ethyl 
acetate to give 5.7 g. and 0.9 g. from each fraction, 
respectively. The combined crude product is ?ash chro 
matographed on silica gel eluting with dichlorome 
thane/acetic acid/methanol (32:1:1) to give 4 g. of a 
mixture and 1.7 g. of homogeneous product. The mix 
ture is rechromatographed under the same conditions to 
give another 2.2 g. of homogeneous product for a total 
of 3.9 g, of (+)-4,5-dihydro-l-[[ethoxy(4-phenylbutyl) 
phosphinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic 
acid. Tlc (dichloromethane/acetic acid/methanol; 
18:1:1) shows a spot at RfO.30. 
Anal. Calc’d. for C24H29N2O5P.O.5H2O: C, 61.92; H, 
6.49; N, 6.01, Found; C, 61.61; H, 6.44; N, 5.69. 

. ' (d) 

(+)-4,5-Dihydro-1-[[hydroxy(4-phenylbutyl)-phos 
phinyl]acetyl1-3-phenyl-lH-pyrazole-S-carboxylic acid 
‘A solution of 1.0 g, of the ethyl ester product from 

part (c) in 20 ml. of dry dichloromethane under argon at 
ambient temperature is treated with 0.5 g. of bromo 
trimethylsilane. After stirring overnight, volatiles are 
removed in vacuo and the residue, dissolved in 20 ml. of 
water containing ‘ml. of 1 N sodium hydroxide, is 
?ltered to remove insoluble material. This solution is 
washed with ether, then acidi?ed to pH 2.0 with 6 N 
hydrochloric acid and extracted with ethyl acetate 
(2X75 ml.). The organic solution is ?ltered rapidly 
through Celite and concentrated to about one-half vol 
ume. The cloudy mixture is cooled and ?ltered 'to give 
0.64 g. of colorless (+)-4,5-dihydro-l-[[hydroxy(4 
phenylbutyl)phosphinyl]acetyl]~3-phenyl-1H-pyrazole 
5-carboxylic acid, m.p. l66°—169°; [a]D20= —52° (1% in 
methanol). Tlc (dichloromethane/acetic acid/me 
thanol; 8:1:1) shows a spot at Rf0.25. 
Anal. Calc’d. for C22H25N2O5P: C, 61.67; H, 5.88; N, 
6.54; P, 7.22, Found: C, 61.30; H, 5.77; N, 6.56; P, 7.30. 

EXAMPLES 2—37 

Following the procedure of Example 1 but employ 
ing the phosphinate shown in C01. I and the dihy 
dropyrazole shown in C01. II, one obtains the com 
pound shown in C01. III. Removal of the ester group 
yields the diacid product of Col. IV. 
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ethyl acetate and washed with water (2X), potassium 

11 12 
-continued -contrinued 

coll] Col. n Col. 1 Col. 11 

R3 0 " R 

R Fl’ CH COOH (I: 5 R i)‘ CH I COOH l___ 2.. / 1-— 2“v , 
~ , | , . . _ i / 

(‘am T W 0R2 : _ If \i 
HN _ (II-'COOH V ' ~ ‘ HN —- (f-COOH 

H :10 H 

- Col. III . Col. III 

R R3 

5 ‘I a 
' / . '1‘ / 

g (n) III/ \I 15 (I? . o I IIq/ w 
R1-l|’—CH2--C—N —— C|1—COOH R1—'4P—CH2—C-‘-N -—' v(l:'-COOH 

0R2 H ' OR; H 

Col. IV 20 Col. IV 

is R’ 
C C 

0 O N O " O N 
II II ‘ | \I 25 II II | w , 

R1—P—CH2'.—C-_-N -— (II—COOH ‘Rr-di-Clh-C-N -*—— CID-‘C0014 
(!)H H ‘ OH- H ' 

Ex. R1 R2 R3 EX- R1 R2 R3 

' 30 34 -C2H5 

24 —C2H5 ‘ r . F.—©—CH2— U 
25 _C2H5 _' g 35 v , -__C2H5 I’ I . . 

(CHz)2— —©—SCH3 35 ' ‘ @_ H300 (cum-- 6 N 
26 "-CZH5 ' I. 

@—(CHz)3'- _©—OH 36 ‘ "CzHs —CH3 
F3C—©—(CH2)4*' “ I‘ 

27 ' —'C2H5 40 ' @—(CH2>5- _©_CF1 37 ' ‘ -CzH5 -H 

H30 . (enm 
28 r-CzHs ’ -' ' ‘. 

@<CH.>. 
45 c1 .l v > ‘ ~ 

29 _C2H5 EXAMPLE 38 I - 

©—(CHZ)4— CH3 (+)-4,5-Dihydro-1-[[hydroxy(4-phenylbutyl)phos 
50 phinyl]ac_etyl]-3-phenyl-lH-pyrazole-S-carboxylic acid, 

CH3 (2,2-dimethyl-l-oxopropoxy)methyl ester 

30 —-c H ' OCH (*1) . , 

©_(CH2)4_ 2 5 3 (+)-4,5-Dihydro-l-[[ethoxy(4-phenylbutyl)phosphinyl 
’ OCH3 55 ]acety_l]-3-phenyl-1H-pyrazo1e-5-carboxylic acid, 

(2,2-dimethyl-l-oxopropoxy)methyl ester 
OCH; A solution of 1.6 g. of? (+)-4,5-dihydro-l-[[ethoxy(4 

phenylbutyl)phosphinyl]acetyl]-3-phenyl§lH-pyrazole 
3] -C2H5 ' S-carboxylic acid, from Example 1(0), in 25 ml. of dry 

Cl (CHZ)4_ @ 60 dimethylformamide under argon at ambient tempera 
ture is treated with 0.7 g. of triethylamine and 0.54 g. of 

32 . chloromethyl pivalate. After stirring overnight at ambi 
H3C_@_(CH2)4_ _CHZ_@ _@ 'ent temperature, additional triethylamine (0.13 g.) and 

chloromethyl pivalate (0.12 g.) are added and stirring is 
33 —C2H5 I I 65 continued for" 60 hours. The solution is diluted with 

:5 : hydrogen sulfate, water and saturated brine. The or 
ganic solution is dried (MgSO4) and concentrated in 
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vacuo to give 2.21 g. of crude product. Flash chroma 
tography on silica gel eluting with acetone/hexane (2:1) 
gives 1.55 g. of homogeneous (+)-4,5-dihydro-.1-[[e 
thoxy(4-phenylbutyl)phosphinyl]acetyl]-31phenyl-1H 
pyrazole-5-carboxylic acid, (2,2-dimethyl-lioxopropox- ' 
y)methyl ester. Tlc acetone/hexane; 2:1) shows a spot at 
Rf0.30 _ , v 

Anal. calc‘d. for'C30H39N1O7P.O.5 H20: C, 62.16; H, 
6.95; N, 4.83, Found: C, 62.14; H, 6.83;‘N, 4.65. 

(b) .- , 

(+)-4,5-Dihydro-1¥[[hydroxy(4;phenylbutyl)phos 
phinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid, 

(2,2-dimethyl-1-oxopropox_y)methyl ester 
A solution of 1.55 g. of the diester product from part 

(a) in 40 ml..of dry dichloromethane under argon at 
ambient temperature is treated with 0.62 g. of bromo 
trimethylsilane and stirred overnight. Volatiles are re 
moved in vacuo and the residue, dissolved in ethyl 
acetate, is washed with 5% sodium dihydrogen phos 
phate, water, and saturated brine. The organic solution 
is dried (MgSO4) and concentrated in vacuo to give 1.1 
g. of colorless solid .(+)-4,5-dihydro-l-[[hydroxy(4 
phenylbutyl)phosphinyl]acetyl]-3-phenyl-1H-pyrazole 
5-carboxylic acid, (2,2-dimethyl-1-oxopropoxy)methyl 
ester; m.p. l45°—147°. Tlc (dichloromethane/acetic 
acid/methanol; 18:1:1) shows a spot at Rf0.30. 

Anal. calc’d. for C2gH35N207P.0.25-H2Q: -C, 61.47; 
H, 6.54; N, 5.12; P, 5.66, Found: C, 61.31; H, 6.53; N, 
5.05; P, 5.7. 

EXAMPLEv 39 

(+)-4,5-Dihydro-1-[[hydroxy(4-phenylbutyl)phos 
phinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid, ’ 
1-(2,2-dimethyl-1-oxopropoxy)-2-ethoxy-2-oxoethyl 

ester 

(a) Ethyl 2-chloro-2-pivaloyloxyacetate 
Following the general method of Ulich and Adams 

[J. Amer. Chem. Soc., Vol. 43, p 660 (1921)], a pinch of 
freshly fused zinc chloride is added to a mixture of 4.0 
g. of anhydrous ethyl glyoxalate and 4.72 g. of pivaloyl 
chloride. The mixture is heated under argon at 80° for 2 
hours, then distilled in vacuo to give 4.7‘ g. of ethyl 
2-chloro-2-pivaloyloxyacetate, b.p. 50°/0.03imm of Hg. 

(b) . 

( + )-4,5-Dihydro-1-[[ethoxy(4-phenylbutyl)phosphinyl 
]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid, 

l-(2,2-dimethyl-1-oxopropoxy)-2-ethoxy-2-oxoethyl 
ester 

A solution of 2.0 g. of (+)-4,5-dihydro-1-[[ethoxy(4 
phenylbutyl)phosphinyl]acetyl]-3-phenyl¢ l H-pyrazole 
5-carboxylic acid, from Example 1(c), in 30 ml. of dry 
dimethylformamide under argon at room temperature is 
treated with 1.2 g. of ethyl 2-chloro-2-‘pivaloyloxyace 
tate, from part (a), and 0.58 g. of anhydrous potassium 
fluoride. After stirring for 48 hours the mixture is di 
luted with ethyl acetate and washed with water (3X). 
The organic fraction is dried (MgSO4) and concen 
trated in vacuo to give crude product. Flash chroma 
tography on silica gel and elution with acetone/hexane 
(2:1) gives homogeneous (+)-4,5-dihydro-l-[[ethoxy(4 
phenylbutyl)phosphinyl]acetyl]-3-phenyl-lH-pyrazole 
5-carboxylic acid, 1-(2,2-dimethyl-l-oxopropoxy)-2 
ethoxy-Z-oxoethyl ester as an oil. 
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(C) 
(+ )-4,5-Dihydro- l -[[hydroxy(4-phenylbutyl)phos~ 

phinyl]acetyl]-3-phenyl- 1 H-pyrazole-S-carboxylic acid, 
l-(2,2-dimethyl-1-oxopropoxy)-2-ethoxy-2-oxoethyl 

ester 

A solution of 2.0 g of the diester product from part (b) 
in 25 ml. of dry 'dichloromethane under argon is treated 
at ambient temperature with 0.6 g. of bromotrimethylsi 
lane. After stirring overnight, the volatiles are removed 
_in vacuo and the residue, dissolved in ethyl acetate, is 
washed with 5% sodium dihydrogen phosphate, water 
and saturated brine. The organic fraction is dried 
(MgSO4) and concentrated in vacuo. The residue is 
triturated with acetonitrile or puri?ed by ?ash chroma 
tography to give (+)-4,5-dihydro-1-[[hydroxy(4 
phenylbutyl)phosphinyl]acetyl]-3-phenyl-lH-pyrazole 
S-carboxylic acid, l-(2,2-dimethyl-1-oxopropoxy)-2 
ethoxy-Z-oxoethyl ester. 

EXAMPLES 40-47 

Following the procedure of Examples 38 and 39 but 
‘employing the alkylating, agent shown in C01. I for the 
chloromethyl pivalate'in Example 38 or for the ethyl 
2-chloro-2-pivaloyloxyacetate in Example 39 one ob 
tains the product shown‘i'n Col. II. 

47 

as 
Similarly, by employing the monoester compounds 

shown in C01. III of Examples 2 to 37 within the proce 
dure of Examples 38 to 47, other compounds within the 
scope of theinvention are obtained. 
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EXAMPLE 4s 

(+ )¢4,5-Dihydro- l -[[[(2,2-dimethyl- l -oxoprop'oxy)me 
thoxy](4-phenylbutyl)phosphinyl]acetyl]-3-phenyl-'l H 

pyrazole-S-carboxylic acid . ~- . 

(a) 
(+)-4,5-Dihydro-3-phenyl-lH-pyrazole-S-carboxylic 

_ acid, phenylmethyl ester, hydrochloride (1:1) 

~ 20 ‘g. of (+)-4,5-Dihydro-3-phenyl-lH-pyra1ole-5 
carboxylic acid is added atroom temperatureto a‘solu 
tion of 25 ‘g. of thionyl chloride in 150 ml. of benzyl 
alcohol (prepared by adding the thionyl chloride to the 
benzyl alcohol at —5°) and allowed to stir for 48 hours. 
Hydrochloric acid is removed in'vacuo and the‘ remain 
ing solution is poured into 250 ml; of anhydrous'ether. 
The separated product is collected, washed with fresh 
ether, and dried to give (+),4,5-dihydro-3-phenyl-1H 
pyrazole-S-carboxylic acid, phenylmethyl es'ter, hydro 
chloride (lzl). - 

(b) [Hydroxy(4-phenylb_utyl)phosphinyl]acetic acid 
[Ethoxy(4-phenylbutyl)phospvhinyl]acetic acid; from 

Example l(b), isfurther saponi?ed ,by'uheating with 
[excess sodium, hydroxide, acidi?cation and recrystalli 

, zation of the product from tetrahydrofuran/hexane to 
obtain [hydroxy(4-phenylbutyl)phosphinyl]acetic acid; 
m.p. l09.5°—ll0°. ' 

’ Anal. calc’d. for C12H17Q4P: C, 56.24; H, 6.69; P, 
12.09, Found: C,i56.1l; H, 6.42; P, 12.1. 

(c) 
(+)-4,5-Dihydro-1-[[hydroxy(4-phenylbutyl)phos 

phinyl]acetyl]-3-phenyl-lI-I-pyraiole-5-carboxylic acid, 
phenylmethylester . ‘ '4 

A solution of 10 g._ of [hydroxy(4-phenylbutyl)phos 
phinyl]acetic acid, from part (b), in 40 ml. of dry dichlo 
romethane containing 0.2 ml. of dimethylformamide is 

15 

30 

3,5 

heated to re?ux temperature. Thionyl chloride (5.1 g.) ' 
is added dropwise while maintaining the temperature at 
re?ux. After an additional 30 minutes heating, the solu 
tion isvcooled to 5° and a solution of 11.6 g. of (+)-_4,5 
dihydro-B-phenyL l_H-pyrvazole-5-carboxylic. acid, phe 
nylmethyl ester, hydrochloride (1:1)‘, fromjpart (a),'in 50 
ml. of dichloromethane is added at once, followed by 
dropwise addition of 11.9 g. of triethylamine while the 
temperature is maintained at.5°—10° with cooling. After 
stirring overnight at ambient temperaturexthe mixture is 
washed three times with_aqueous hydrochloric acid (1.5 
N) and three times with water. The organic solution is 
dried (MgSO4) and concentrated in vacuo to give 
(+)-4,5-dihydro-1-[[hydroxy(4-phenylbutyl)phos 
phinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid, 
phenylmethyl ester which can be crystallized from ace 
tone. . 

(d) 
(+)-4,5-Dihydro-l-[[[(2,2-dimethyl-l-oxopropoxy)me 
thoxy](4-phenylbutyl)phosphinyl]acetyl]-3-phenyl'lH 

pyrazole-5-carboxylic acid, phenylmethyl ester 
A solution of 4.0 g. of the benzyl ester product from 

part (c) dissolved in 40 ml. of dry dimethylformamide 
under argon is treated at ambient temperature with 1.5 
g. of chloromethyl pivalate and 1.8 g. of triethylamine. 
After stirring overnight, the solution is diluted with 
ethyl acetate and washed with 10% potassium dihydro 
gen sulfate, water, and saturated brine. The ‘organic 
solution is dried (MgSO4) and concentrated in vacuo to 
give the crude product. Flash chromatography on silica 
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16 
gel and elution with ethyl acetate/dichloromethane 
(1:1) gives homogeneous (+)~4,5-dihydro-l-[[[(2,2 
dimethyl- l -oxopropoxy)methoxy](4-phenylbutyl)phos 
phinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid, 
phenylmethyl ester as an oil. 

' (e) 

_(+)-4,S-Dihydro-l-[[[(2,2-dimethyl- l-oxopropoxy)me 
thoxy](4-phenylbutyl)phosphinyl]acetyl]-3-phenyl- l H 

pyrazole-S-carboxylic acid 

The diester product from part (d) (2.0 g.) is dissolved 
‘in 50 ml. of methanol containing 0.5 g. of 5% palladium 
on carbon catalyst and hydrogenated at 50 psi on a Parr 
apparatus until cessation of hydrogen uptake (2-4 
hours)- The catalyst is ?ltered off and the ?ltrate is 
concentrated in vacuo. The residue is triturated with 
acetonitrile or puri?ed by ?ash chromatography to give 
(+)-4,5-dihydro-l-[[[(2,2-dimethyl-l-oxopropoxy)me 
thoxy] (4-phenylbuty1)phosphinyl]acetyl]é3-pheny1- l H 
pyrazole-S-carboxylic acid. 

EXAMPLES 49-57 
Folowing the procedure of Example 48 but employ 

ing the alkylating‘agent shown in C01. I for the chloro 
methyl pivalate one obtains the product shown in Col. 
11. 

21a 

/ 

Coll II 
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' Col. _I 

Col. II 
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O H 

Ex. R4 I R5 

57 

Similarly, by employing the benzyl ester of the dihy 
dropyrazoles shown in Col. II of Examples 2 to 37 and 
the acid obtained by saponification of the esters shown 
in C01. I of Examples 2 to 37 within the procedures of 
Examples 48 to.57, other compounds within the scope 
of this invention are obtained. ’ 

EXAMPLE 58 . 

(+)-4,5-Dihydro-1-[[hydroxy(4-phenylbutyl)-phos 
phinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid, 

. disodium salt ' 

An aqueous solution containing(+)-4,5-dihydro-l 
[[hydroxy(4-phenylbutyl)phosphinyl]acetyl]-3-phenyl 
lH-pyrazole-S-carboxylic acid, from Example 1, is 
treated with 2 equivalents of sodium bicarbonate solu 
tion and lyophilized to yield (+)-4,5-dihydro-l-[[hy 
droxy(4-phenylbutyl)phosphinyl]acetyl]-3-phenyl-1H 
pyrazole-S-carboxylic acid, disodium salt. 

In an analogous manner the corresponding dipotas 
sium and dilithium salt canv be obtained. 

Similarly, the products of Examples 2 to 3,7.can be 
treated to obtain the corresponding disodiumsalt and 
the products of Examples 38 to 57 can be treated to 
obtain the corresponding monosodium salt. 

EXAMPLE 59 

1000 tablets each containing the following ingredi 
ents: 

carboxylic acid 100 mg. 
Corn starch 50 mg. 
Gelatin 7.5 mg. 
Avicel (microcrystalline. -, 
cellulose) ' ' ' 25 mg. 
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-continued 

' Magnesium stearate 2.5 mg. 

185 mg. 

are prepared from sufficient bulk quantities by mixing 
the (+ )-4,5-dihydro- l -[[hydroxy(41phenylbutyl)phos 
phinyl]acetyl]-3-phenyl-lH-pyrazole-S-carboxylic acid 
and corn starch with an aqueous solution of the gelatin. 
The mixture is dried and ground to a ?ne powder. The 
Avicel and then the magnesium stearate are admixed 
with granulation. This mixture is then compressed in a 
tablet press to form 1000 tablets each containing 100 
mg. of active ingredient. 

In a similar manner, tablets containing 100 mg. of the 
product of any of Examples 2 to 58 can be prepared. 

EXAMPLE 60 

Two piece #1 gelatin capsules each containing 100 
mg. of (+)-4,5-dihydro-1-[[hydroxy(4-phenylbutyl) 
phosphinyl]acetyl]-3-phenyl-lI-I-pyrazole-S-carboxylic 
acid, (2,2-dimethyl-l-oxopropoxy)methyl ester are 
filled with a mixture of the following ingredients: 

(+)-4,5-Dihydro-1-[[hydroxy 
(4-phenylbutyl)phosphinyl] 
acetyll-S-phenyl-lH-pyrazole 
S-carboxylic acid, (2,2-dimethyl 
l-oxopropoxy)methyl ester 
Magnesium stearate 
Lactose 

100 mg. 
7 mg. 

22mg; 
300 mg. 

In a similar manner, capsules containing 100 mg. of 
the product of any of Examples 1 to 37 and 39 to 58 can 
be prepared. _ ' . 

EXAMPLE 61 

I000 tablets each containing the following ingredi 
ents: 

(+ )-4,5-Dihydro- l [[[(2,2 
dimethyl-l-oxoprop0xy)methoxy] 
(4-phenylbutyl)phosphinyl]acetyl] 
3-phenyl-l H-pyrazcle-S-carboxylic 
acid 100 mg. 
Avicel 100 mg. 
l-lydrochlorothiazide 12.5 mg. 
Lactose ' ll3 mg. 

Corn starch l7.5 mg. 
Stearic acid 7 mg. 

350 mg. 

are prepared from suf?cient bulk quantities by slugging 
the (+)-4,5-dihydro-l-[[[(2-dimethyl-1-oxopropoxy) 
methoxy](4-phenylbutyl)phosphinyl]acetyl]~3-phenyl 
lH-pyrazole-S-carboxylic acid, Avicel and a portion of 
the stearic acid. The slugs are ground and passed 
through a #2 screen, then mixed with the hydrochloro 
thiazide, lactose, corn starch, and remainder of the stea 
ric acid. The mixture is compressed into 350 mg. cap 
sule shaped tablets in a tablet press. The tablets are 
scored for dividing in half. 

In a similar manner, tablets can be. prepared contain 
ing 1.00 mg. of the prodcut of any of Examples 1 to 47 
and 49 to 58. 
What is claimed is: 
1. A compound of the formula: 
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/ 

N 0 0 
II II 

COOR 

or a basic, physiologically acceptable salt thereof 
wherein 
R and 'R; are independently selected from the group 

consisting of hydrogen, lower alkyl of 1 to 4 car 
bons, benzyl, and 

R3 is hydrogen, alkyl, 

R1 is alkyl or 

R4 is hydrogen, lower alkyl of 1 to 4 carbons, phenyl, 
or 

R5 is hydrogen, lower alkyl of l_ to 4 carbons, lower 
alkoxy of l to 4 carbons, phenyl, or R4 and R5 taken 
together are —(CH2)2—, —(CH2)3—, —CH: 
CH—, or 

R5 is hydrogen, lower alkyl of l to 4 carbons, lower 
alkoxy of l to 4 carbons, lower alkylthio of l to 4 
carbons, chloro, bromo, ?uoro, tri?uoromethyl, or 
hydroxy; 

n is one, two or three provided that n is two or three 
only if R6 is hydrogen, methyl, methoxy, chloro, or 
?uoro; . 

R7 is hydrogen, lower alkyl of l to 4 carbons, chloro, 
bromo, or ?uoro; and 

m is zero or an integer from 1 to 8. 

20 . 

2. A compoufid of claim 1 wherein: 
R and R2 are independently selected from the group 

consisting of hydrogen, alkali metal, and 

10 provided that at least one of R and R2 is hydrogen 
or alkali metal; 

R3 is 

15 

Re 

20 R4 is hydrogen, methyl, or 

0 
|| 

_C—0—C2H5 ; 

25 R5 is lower alkyl of l to 4 carbons or phenyl; 
R6 is hydrogen, methyl, methoxy, methylthio, triiluo 

romethyl, chloro, bromo, ?uoro, or hydroxy; and 
R1 is alkyl or 

30 

-(CH2) 

R6 
35 

wherein R6 is as de?ned above and m is an integer 
from 2 to 6. 

3. A compound of claim 2 wherein -, 
R and R2 are independently selected from the group 

40 consisting of hydrogen, alkali metal, 

ll ' ll 
—CH--O—C—C(CH3)3 , —CH"'O—C-CH3 , and 

45 ?I-O"'C2H5 CH3 
0 

CH O C CH 
50 2 p ( 3);‘ 

provided that at least one of R and R2 is hydrogen 
or alkali metal; 

R3 is phenyl; and 
55 R1 iS 

"((352) 

60 

4. The compound of claim 3 wherein R and R2 are 
hydrogen. 

5. The compound of claim 4, (+)-4,5-dihydro-l-[[hy 
65 droxy(4-phenylbutyl)phosphinyl]-acetyl]-3-phenyl-1H 

pyrazole-S-carboxylic acid. 
6. The compound of claim 3 wherein R2 is hydrogen 

and R is 
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'-CHz—O"-|C|—C(CH3)3 . I 

7. The compound of claim 6, (+)-4,5-dihydro-l-[[hy 
droxy(4-phenylbutyl)phosphinyl]-acetyl]-3-pheny1-1H 
pyrazole-S-carboxylic acid, (2,2-dimethyl-l-oxopropox 
y)methy1 ester. 

8. The compound of claim 3 wherein R is hydrogen 
and R2 is 

9. The compound of claim 8, (+)-4,5-dihydro-1 
[[[(2,2-dimethyl-l-oxopropoxy)methoxy](4-phenyl 
butyl)phosphinyl]acetyl]-3-pheny1-lH-pyrazole-S-car 
boxylic acid. 
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10. A composition useful for treating hypertension 

comprising a pharmaceutically acceptable carrier and 
an effective amount of a hypotensive agent or pharma 
ceutically acceptable salt thereof of the formula 

R3 

/ 

0 o N 
II II I 

Rr-P-Cl-b-C-N coon 

‘ 0R2 - H 

wherein R, R1, R2 and R3 are as de?ned in claim 1. 
11. The composition of claim 10 also including a 

diuretic. 
12. The method of alleviating hypertension in a mam 

malian specie suffering from hypertension which com 
prises administering an effective amount of the compo 
sition of claim 10. 

* i! * i 1k 


